Blood parameters provide an excellent tool to evaluate the health status of wildlife. However, there are few studies about health parameters of sea turtles in Mexico. For olive ridley turtles (Lepidochelys olivacea), no information was available to establish the health baseline for the species. The objective of this study was to establish reference blood biochemistry values for olive ridley turtles in the northern Sinaloa foraging area. Between 2013 and 2015, 82 olive ridley turtles were captured. Body condition index (BCI) presented a mean of 1.46 ± 0.14 (1.17-2.02) that categorized the population with excellent body condition; in addition, 99% of the turtles captured had a good physical appearance. Blood was collected for biochemistry analysis from 60 turtles. Significantly higher values of total protein, albumin, A/G ratio (albumin/globulin) and PCV (packed cell volume or hematocrit) were observed in adult when compared to subadult turtles. On the other hand, no significant differences were found when females and males were compared. Based on the BCI, physical assessment, and blood parameters, and compared to other sea turtle species, olive ridley turtles in northern Sinaloa were considered in excellent health. To the best of our knowledge, this is the first study to establish normal blood biochemistry values of foraging olive ridley turtles in northern Sinaloa.
Introduction
Clinical parameter studies are an essential tool in evaluating sea turtle health status as they allow the establishment of relationships regarding changes within these organisms and their environment [1] . Blood characteristics reflect not only physiological conditions but also ecological distinctions and characteristics for each species; these allow for the detection of alterations in an animal's metabolic activity. These biomedical analyses are an essential tool that when combined with clinical history and physical examination, provides a picture of an individual's health status [2] . However, this is only possible once species baseline biochemistry a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 values have been established [3] . This knowledge is vital in helping to improve species management and conservation plans [4] [5] [6] .
In addition, the establishment of reference values in sea turtles, should be carried out regionally [4] , and reflect criteria such as age [7, 8] , sex [9] , diet [10] and reproductive status [11, 12] . Furthermore, only healthy individuals should be considered in the analysis [3] .
Olive ridley turtles (Lepidochelys olivacea) are the most abundant sea turtle species worldwide. However, there is a lack knowledge regarding their health status. Due to pelagic habits, dead and stranded turtles have supplied much of the known information on their health parameters. Studies that do exist on live turtles have concentrated on individuals at nesting rookeries due to ease of access [13] . However, this only allows for sampling of nesting female turtles, whereas in foraging areas the population structure is better represented by animals of different sexes and life stages.
The objective of this study was to establish baseline blood biochemistry values for wild Sinaloa, Mexico olive ridley turtles. This information will contribute to the protection of the species and allow for long-term health assessment and monitoring.
Materials and methods

Study area
Turtles were captured in the marine area located 25 km west the San Ignacio-NavachisteMacapule lagoon complex, Sinaloa (24˚50' and 25˚35' N and 108˚10' and 109 10' W). This area is recognized as an important sea turtle foraging ground due to the presence of high primary productivity [14] . Previous studies in this area have confirmed the presence of five of the seven sea turtle species known worldwide. Of these five species, the olive ridley is the most abundant [15, 16] .
Blood sampling
We collected blood samples between 2013 and 2015 during April-July, the months of highest olive ridley sea turtle abundance. Turtles were captured while they floated at the surface during thermoregulation. Simple random sampling was used and two standard capture techniques were employed: first, turtles were captured from the boat's bow using a 1.5 meter metallic ring with nylon netting [17] and second, via the rodeo technique [18, 19] .
Biometric data was taken according to the methodology described by Bolten (2000) . Morphometric measurements were recorded including straight carapace length (SCL) using forestry callipers with 0.05 cm accuracy, and weight with a hanging spring scale with 0.1 kg accuracy [20] . Individual sea turtle age class was determined based on SCL, considering adults at !60 cm and subadult <60 cm [21] . Sex was determined in adults using tail length, i.e., long and thick tails in males and short tails in females; those with an absence of evident sexual dimorphism were classified as unknown [22] .
Each turtle had a detailed physical examination including presence/absence of heavy epibiont loads, skin lesions including tumors, flipper amputations, miscellaneous abnormalities, emaciation and weakness [11, 23] . Body condition was assessed using the Fulton Body Condition Index BCI = weight SCL 3 À Á Ã10000 [24] . Blood samples were collected from the dorsal cervical sinus, using 21 gauge needles and 10 ml syringes and transferred into Vacutainer1 tubes containing lithium heparin as an anticoagulant [25, 26] . Samples were stored under refrigeration at 4˚C until laboratory processing. Each turtle was tagged on its posterior right flipper with a Monel tag (National Band and Tag
Laboratory analysis
Packed cell volume (PCV) was quantified using the microhematocrit method. A whole blood sample was placed in capillary tubes with lithium heparin as an anticoagulant agent and centrifuged for 5 min in a microcentrifuge model ZO-1 (LW Scientific Inc). We used plasma in preference to serum because in reptiles clot formation is unpredictable, changing biochemical values and occasionally producing haemolysis in the blood samples [27] . Plasma was separated using centrifuge COMPACT II model 420225 (Becton Dickinson) at 3000 rpm for 15 min and pipetted into 1.6-ml cryogenic vials. Plasma total protein was recorded using a small handheld refractometer model VET-360 (REICHERT). We used 18 plasma parameters previously shown as the most representative for the establishment of sea turtle health profiles [28, 29] . Plasma samples were analysed using a chemistry analyser model VetTest 8008 (dry chemistry system) and commercial kits (IDEXX). Quality Control F1620 (IDEXX) was run periodically to verify that equipment was functioning correctly [30] .
Analysed parameters were divided into three groups: 1) nutrients and metabolites-total protein (g dL -1 ), albumin (g dL -1 ), globulin (g dL -1 ), Albumin/Globulin (A/G) ratio, creatinine (mg dL ) and phosphorus (mg dL -1 ). We excluded from our analysis blood samples that were insufficient (Plasma <210μL) or presented haemolysis.
Ethics statement
Research permits were granted in México by Dirección General de Vida Silvestre / Secretaría de Medio Ambiente y Recursos Naturales -SEMARNAT (Mexican Wildlife Department of the Secretary of Environment and Natural Resources) as field permits SGPA/DGVS/00706/13, SGPA/DGVS/02259/14, and SGPA/DGVS/04478/15. These cover the sampling, collection and processing of blood samples. All sea turtles were released at the location of capture.
Statistical analysis
Results are presented as mean, range and standard deviation (SD). Data normality and homoscedasticity (same variance) were assessed using a Kolmogorov-Smirnov and Levene tests, respectively. Differences in blood parameters between groups (age, sex and year) were assessed employing a one-way analysis of variance (ANOVA) and Tukey's multiple comparison test. The correlations among statistical variables were determined using a simple regression model (R 2 > 50%) with α = 0.05. We performed all analyses using the statistical package Minitab1 17.1.0.
Results
During 2013-2015, we captured 82 olive ridley turtles. We successfully obtained biochemical profiles from 60 of those turtles. We were unable to obtain blood samples from five turtles, and we discarded 17 samples due to haemolysis. No recaptures occurred during monitoring. Descriptive statistics of body condition (BCI), SCL, weight and blood parameters of olive ridley sea turtles are presented in Table 1 .
Most turtles were apparently healthy with 99% of animals presenting low or no epibiont load and absence of injuries and deformities [31] . The overall BCI value in captured olive ridley sea turtles was 1.46 ± 0.14. Individually, 99% of turtles were in excellent condition and 1% in very good condition [32] .
With regard to life stage, adult turtles presented significantly higher concentrations of total protein (p = 0.046), PCV (p <0.001), albumin (p <0.001) and A/G ratio (p = 0.05) when compared to subadults (Table 2) . We found no significant differences between blood parameters in males and females (p>0.05). Turtles sampled in 2013 presented significantly higher concentrations of total protein (p = 0.014), globulin (p = 0.010) and triglycerides (p <0.001) compared to turtles sampled in 2015. In 2015, glucose levels (p <0.001) and CK (p <0.001), AST (p <0.001) and AMYL (p = 0.002) enzymatic activity were significantly higher than in 2013 and 2014. Finally, PVC was significantly lower (p = 0.013) in 2015 when compared to previous years (Table 3 ). There were no correlations between BCI and analysed blood parameters.
Discussion
Although olive ridley turtles are globally the most abundant sea turtle species and are subsequently at lower risk of extinction [33] , knowledge regarding their population characteristics and health within foraging areas remains limited. Based on apparent age estimation methods, captured individuals represented subadult and adult turtles [21] . This resembles previously reported population structure for olive ridley turtles within foraging areas where all life stages are present. Although we did not capture juvenile turtles, their presence in the study area has been previously reported [34, 35] . Health indicators including BCI and physical examination have been used as a tool to determine the general health status of multiple free-living species [23, 36] . BCI is derived from the relationship between an animal´s length and weight resulting in an indirect estimate of sea turtle nutritional and health status [37] . Our study found similar BCI values to those reported in healthy populations of black turtles (Chelonia mydas agassizii) in the Gulf of California and along the western coast of Baja California's foraging areas [38] [39] [40] [41] . The Gulf of California has been previously identified as an important foraging habitat for multiple sea turtle species [15] . BCI values from individual turtles in this and previous studies indicate that these foraging areas present the necessary conditions to maintain healthy sea turtle populations. On the other hand, BCI was greater than that reported in Brazil [42] and in Venezuela [43] where the majority of turtles presented poor body condition including individuals with signs of physical illness and disease.
We found similar values in parameter as PCV, total protein, albumin, globulin and A/G ratio between our females turtles with healthy olive ridley turtles sampled during the breeding season in Costa Rica [44] . An increase in the concentration of plasma proteins has been observed when the turtles begin their breeding season [11] ; however, this similarity may be due to the nutritional status of our turtles [45] . Parameters such as triglycerides, cholesterol, glucose, BUN, calcium and phosphorus are related to sea turtle nutritional status and diet [4, [10] [11] [12] 46] . In our foraging area, we found higher values of BUN and glucose than those reported in nesting areas [44, 47] . This difference is due of physiological anorexia caused by turtles mating and nesting in these studies [11, 48] . On the other hand, we found lower values of cholesterol, triglycerides and calcium in our adult females compared to nesting females of these same studies. Contrary to this, the values observed in males turtles were similar to those reported in the males sampled in Costa Rica [47] . This is due that during the reproduction, lipid and calcium concentrations increasing considerably in females due to vitellogenesis and folliculogenesis [49] [50] [51] . Similar results exist for other sea turtle species [12, 48, [52] [53] [54] . In addition, during nesting lipid and calcium mobilization increase to supply energy and muscle contraction respectively [49, 51] . Unfortunately, there are no studies that confirm the migratory routes and nesting sites of the population studied. Therefore, it is necessary to have multidisciplinary studies such as satellite telemetry and stable isotopes, for a better knowledge of the population. Plasma enzymes are a good indicator of health since increased levels can signify organ-specific damage [55] . In this study, values of ALT and AST are higher than those reported on olive ridley sea turtle sampled during the breeding season [44, 47] . This may be due to the nutritional status of individuals in this study compared to the aforementioned studies, i.e., in the feeding grounds there is an increase in the activity of ALT and AST as they fulfill a metabolic function in the conversion of food (mainly protein) to energy. observed an increase in the enzymatic activity of ALT, AST, ALKP and amylase during the postprandial stage, indicative of organs that are prepared for digestion, including the liver, pancreas and the gastrointestinal tract [29] .
In relation to Amylase, CK and GGT, they are enzymes that have not been previously reported in olive ridley turtle. Amylase is an enzyme that participates in the digestion of food [29] and an excessive or insufficient amount could indicate a disorder of the pancreas [56] . Previous studies have shown that in sea turtles the values of this enzyme also tend to increase due to hormonal factors related to the nesting process [28, 53, 57] . CK is characterized by being a highly variable enzyme and is an important component of muscle metabolism [57] , its increased in bloodstream is attributed to muscle damage [55] . Contrary to CK, GGT is found in low concentrations in sea turtles [55] ; however, its increase in the bloodstream could indicate kidney or liver damage. Although the efficacy of blood biochemistry as a health indicator has been demonstrated, it is necessary to know all characteristics of the population to arrive at a more accurate conclusion [10] .
Studies have suggested variations in blood parameters due to age and sex [9] . Santoro and Meneses (2007) evaluated the blood biochemistry of female and male olive ridley during breeding season and observed significant differences in parameters such as albumin, triglycerides, cholesterol, calcium, phosphorus, BUN and glucose [47] , this is due to the vitellogenesis and folliculogenesis in females, and different foraging during this season. Contrary to this, we found no significant differences in blood parameters between female and male olive ridley turtles in the studied foraging area, which is consistent with results obtained in other sea turtle species [6, 9, 58]. Differences observed in PCV, total protein, albumin and A/G ratio between adults and subadults in our study could be associated with physiological changes due to growth and sexual maturity. For example, previous studies have reported that sea turtles present a positive correlation between PCV with age and size [48, [59] [60] [61] . On the other hand, when an organism enters reproductive age, plasma protein levels increase as a sign of sexual maturity [7, 50, 62] .
Few studies have analysed the interannual differences of blood parameters [63] . In our study, the differences in parameters such as total protein, albumin and triglycerides could be due to the sexual maturity of turtles captured in each year. During 2013, the population was characterized by adults, while 2015 by subadults. On the other hand, we observed annual differences in CK, AST and glucose during the study period which could be a result of stress caused during capture. It has been shown that capture method [64] and handling during taking blood sample may influence parameters such as K, Ca, P, AST [63] , triglycerides, albumin, GGT, LDH [65] and corticosterone [66] . On the other hand, these differences could also be due to environmental temperature [60] ; however, the scope of the present study did not allow us to evaluate these factors, future work should consider these observations. In addition to sex and age, body condition can be used as a reference to determine energy status. An animal presenting a good overall condition is assumed to have higher energy reserves than one in poor condition [37, 67] . Sea turtles have a high demand for energy during both migration and reproduction [49, 68] . Different studies have suggested a relationship between BCI and blood parameters as a reflection of sea turtle health status, with a positive correlation between BCI and total protein, triglycerides and glucose for proper nutrition and vice versa [42, 63] . We found no correlation between the BCI and analysed blood parameters as BCI did not change between turtles.
Conclusions
To the best of our knowledge, this is the first study to establish blood biochemistry parameters for foraging olive ridley turtles. These values can be used as blood reference ranges for a healthy population of northern Sinaloa, Mexico olive ridley sea turtles. However, it is important to consider factors such as a turtle's age and sex when comparing blood parameters, since life stage is an influencing factor. Establish baseline health parameters for turtles in foraging and nesting habitats is a priority. This information will contribute to improved care for captive turtles and serve as a baseline for wild turtle health and monitoring.
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